Effects of fragmentation on distribution of ectoparasites of mammals are not well understood. A previous study reported higher nymphal tick (Ixodes scapularis) densities in smaller than in larger fragments. We tested whether there was a higher prevalence of ticks on white-footed mice (Peromyscus leucopus) in small forest fragments in an agricultural landscape. We observed a lower prevalence of ticks on mice in smaller than in larger fragments. Differences in infection rates between fragments, use of fragments by white-tailed deer, and agricultural history of landscapes could contribute to the apparent differences in tick abundance between this study and that reported previously. Resolution of the apparently contradictory data will require that the abundance of host-seeking ticks and prevalence on mice be measured in both landscapes.
Despite a relatively large literature on effects of fragmentation on distribution and abundance of many species (e.g., Andren 1994; Bowers and Matter 1997; Fahrig and Merriam 1994) , few studies have considered the effects of fragmentation on an obligate parasite such as the deer tick (Ixodes scapularis, formerly Ixodes dammini). The abundance of deer ticks in an area might be important for populations of small rodents because ticks can decrease energy reserves, increase mortality, and transmit infections such as Lyme disease spirochete (Borrelia burgdorferi) that can cause neurological damage to individuals (Burgess et al. 1990; Donahue et al. 1987; Viitala et al. 1986 ).
For some generalist species, such as the white-footed mouse (Peromyscus leucopus) and the wood mouse (Apodemus sylvaticus), population densities tend to be greater in smaller than in larger fragments (Anderson et al. 2003; Bowers and Matter 1997; Nupp and Swihart 1996) . These high population densities could result from reduced competition, predation, greater food production, or a combination of factors in small rather than large fragments (Anderson et al. 2003; Nupp and Swihart 1996) . Additionally, a reduced abundance of ticks in small fragments could also contribute to higher population densities of rodents.
However, Allen et al. (2003) reported that nymphal deer ticks were more abundant in drag samples taken in smaller than larger fragments. The density of nymphs (but not larvae) increased exponentially in very small forest fragments (Allen et al. 2003) . Although this higher nymphal tick density might be due to a greater number of white-footed mice, which are the primary host for juvenile deer ticks, no data are available on the prevalence of ticks on mice in forest fragments of different sizes (Allen et al. 2003; Ostfeld et al. 1996) .
The purpose of this study was to test whether tick prevalence on white-footed mice was significantly affected by size of the forest fragments. If the relative abundance of deer tick nymphs is higher in smaller, rather than larger, fragments, as Allen et al. (2003) reported, we predicted that the prevalence of mice infected with juvenile (larval and nymphal) ticks would be greater in smaller fragments.
MATERIALS AND METHODS
We measured the abundance of I. scapularis in fragments by examining prevalence on P. leucopus (Deblinger et al. 1993; Wilson et al. 1985 Wilson et al. , 1988 . P. leucopus were trapped in 3 small (2-3 ha) and 3 large (15-100 ha) forest fragments within 10 km of Oxford, Ohio. Sherman live traps (8 Â 9 Â 23 cm) were placed in a grid at 10-m intervals extending 80 m (9 traps) along the edge and 70 m (8 traps) into the interior for a total of 72 traps per fragment. Traps were baited with oats and checked the following morning for 2 consecutive days each trapping session. A total of 4 trapping sessions was conducted from May-July 2002 for a total of 576 trap-nights for each of the 6 fragments. For each capture, we recorded identification number, sex, weight, pelage, length (body and tail), and the presence of juvenile I. scapularis on the pinnae or face (where .90% of I. scapularis attach- Ostfeld et al. 1993 ). Although we did not collect data on parasite load, the number of I. scapularis per P. leucopus appeared Deblinger et al. 1993; Ostfeld et al. 1996) and did not appear to vary among study sites. At 1st capture, mice were anesthetized with isoflurane and injected with a passive integrated transponder (PIT tags, AVID Identification Systems, Norco, California) subcutaneously in the interscapular area. The use of PIT tags instead of ear tags avoided the artifact of higher infestation rates of I. scapularis associated with ear tags on P. leucopus (Ostfeld et al. 1993) . To ensure that all mice had a similar period of exposure to I. scapularis in the habitat, only adult mice (!18 g-Cummings and Vessey 1994) were used in analyses.
We compared the proportion of individuals infected between the edge and interior of small and large fragments because some evidence suggests that vegetative structure may influence I. scapularis abundance (Adler et al. 1992) . Edge habitat was defined as the first 15 m of the forest closest to the matrix on the basis of evidence that vegetative characteristics important to mice (e.g., shrub cover, density of saplings- Kaufman et al. 1983 ) reach interior levels after 15 m (Anderson et al. 2003; Ranney et al. 1981) . Assignment of individuals to edge or interior habitats was based on the proportion of captures of each mouse in each habitat (Wolf and Batzli 2002) . Thus, a mouse caught 1 of 3 times along the edge would be included as 0.33 mouse on the edge and 0.67 mouse in the interior.
We scored each mouse only once in the analyses as infected or not infected. Individuals were classified as infected if a juvenile I. scapularis was attached to the mouse at any capture. We defined prevalence as the ratio of the number of infected adults to the total number of adults for each habitat.
We compared the number of adult P. leucopus captured in small and large fragments to determine whether there were differences in mouse density that might affect infection rates. We estimated I. scapularis prevalence on adults that were caught multiple times (n ¼ 2-8) or only once. We compared recapture rates of mice between small and large fragments because different recapture rates might bias prevalence estimates.
We compared prevalence with a fixed-effects 2-factor analysis of variance (Proc Mixed, SAS Institute, Version 8.02) with fragment size and habitat, or size and number of captures (single or multiple) as factors. The data were normally distributed and homoscedastic (Kolmogorov-Smirnov, all P . 0.15; Levene's test, all P ! 0.10) for number of adults, recaptures, and the proportion of individuals infected. We used independent sample t-tests to compare number of recaptures and proportion recaptured between small and large fragments. All probabilities reported for statistical values were 2-tailed.
RESULTS
Of the 196 adult P. leucopus captured, there was a significantly lower proportion of adults infected with juvenile I. scapularis in smaller rather than larger fragments (F ¼ 9.93, d.f. ¼ 1, 4, P ¼ 0.035; Fig. 1 ). There was no effect of habitat (edge compared with interior;
on the proportion of adults infected. When adults were separated by number of captures (i.e., single or multiple), there was still a significantly lower prevalence of I. scapularis on mice in smaller rather than larger fragments regardless of whether they were caught once or multiple times (F ¼ 22.77, d.f. ¼ 1, 4, P ¼ 0.009; Table 1 ). P. leucopus that were captured multiple times had a significantly higher prevalence of tick infestation than individuals that were captured only once (F ¼ 31.79, d.f. ¼ 1, 4, P ¼ 0.005). However, there was no difference between small and large fragments in the number of adults or the proportion of adults captured multiple times (t ¼ 1.635,
There was no significant difference between fragment sizes in the total number of individual adult P. leucopus captured (F ¼ 1.39, d.f. ¼ 1, 4, P ¼ 0.30). There was no effect of either habitat or the size by habitat interaction on the number of adults captured (all F 4.68, d.f. ¼ 1, 4, all P ! 0.10).
DISCUSSION
In this study, we documented a lower prevalence of I. scapularis on P. leucopus in small habitat fragments. This result is contrary to our expectation of higher tick prevalence on mice in small fragments, an expectation based on the data reported by Allen et al. (2003) in Dutchess County, New York. Our study was conducted during the early summer, when the density of mice did not differ among fragment sizes, as opposed to autumn, when density is generally higher in small compared with large fragments (Anderson et al. 2003 ; Wilder and Meikle, pers. obs.). Therefore, differences in mouse density among fragments should not have contributed to the differences in prevalence observed between studies. Although animals that were recaptured more often had a higher prevalence of ticks, there was no difference in the number or proportion of recaptured animals between small and large fragments. Thus, the patch size difference in prevalence was not the result of a bias in population density or recapture rates in relation to patch size. One difference between our study and that of Allen et al. (2003) is the size ranges of small and large fragments. In our study, small fragments were 2-3 ha, whereas those reported by Allen et al. (2003) were ,1.2 ha; large fragments were 15-100 ha (this study) and 1.2-7.6 ha (Allen et al. 2003) , respectively. A possible bimodal relationship between tick density and fragment size, with peaks in density in very small (,1 ha) and fairly large fragments (.15 ha) could explain the seemingly paradoxical findings of these 2 studies. However, it is not clear how such a bimodal distribution might occur.
Although prevalence was lower among P. leucopus in small patches, it is possible that I. scapularis loads (number of I. scapularis per P. leucopus) were higher in small fragments. However, to compensate for the prevalence levels we observed in small fragments (which were about half those in large fragments), loads would have to have been at least 2-fold higher in smaller than in larger fragments. In fact, for the loads to parallel the abundance of nymphs observed in small patches by Allen et al. (2003) , they would have to be many times greater on mice in smaller than in larger patches. This did not seem to be the case because I. scapularis loads appeared to be relatively low among all mice and did not vary noticeably between small and large fragments (Ostfeld et al. 1996) .
One explanation for lower prevalence of ticks on mice in small fragments is that there might be different rates of infection among fragments. Relatively higher food availability in small fragments (e.g., Anderson et al. 2003 ) might allow mice to allocate more energy to parasite resistance in smaller than in larger fragments. Saino et al. (1997) found that supplementing the diets of broods of barn swallows (Hirundo rustica) resulted in greater immunocompetence, which might reduce ectoparasite prevalence. If small mammals show a similar relationship between food availability and immunocompetence, it might explain the lower prevalence of ticks on mice in small fragments. Additional study with white-footed mice would be necessary to test this hypothesis.
Another possible explanation for the apparent difference in tick density between our study sites and those of Allen et al. (2003) is that there might be differences in the relationship between tick prevalence and fragment size among different landscapes. For example, the agricultural history of the areas studied by Allen et al. (2003) was quite different from that of the areas we studied. Agricultural use of land, particularly row cropping, had almost disappeared completely in the New York sites by the early 20th century and the nonforested matrix is now dominated by suburban residential and small-scale agricultural use (Allen et al. 2003) . However, the matrix surrounding the fragments we studied is predominantly row crops (corn and soybeans), with some pasture. In addition, although the forested areas studied by Allen et al. (2003) were dominated by red maple (Acer rubrum), the fragments in the landscape we studied are extremely heterogeneous with regard to tree species, with no one species dominating to the extent that red maple did on their site (Anderson et al. 2003) . It is not clear how such differences might influence either the abundance of nymphs or the prevalence of juvenile ticks on mice. However, Ostfeld et al. (1995) found a large variation in the abundance of juvenile ticks and the prevalence of infection of mice in different matrix types. Hence, it is possible that variation in the abundance of host-seeking ticks in the matrix or the effect of the matrix on host species could contribute to the apparent differences in the abundance of ticks in small fragments reported by Allen et al. (2003) and in this study. Resolution of the apparently different effects of fragment size on abundance of ticks will require measurement of both hostseeking ticks and prevalence of infected mice in both landscapes.
Landscape might also affect tick prevalence if white-tailed deer (Odocoileus virginianus) use small patches differently in the 2 areas. White-tailed deer are the predominant host of adult I. scapularis and, following a final blood meal, adult I. scapularis will drop off deer and lay eggs (Ostfeld et al. 1995) . Thus habitat use by deer could affect larval and nymphal tick densities in subsequent years (Wilson et al. 1985) . Relatively lower abundance of I. scapularis has been observed in areas with fewer deer (Duffy et al. 1994; Wilson et al. 1985) and has been documented in the year after deer reduction or removal from an area (Daniels et al. 1993; Deblinger et al. 1993; Stafford 1993; Wilson et al. 1988) . These data suggest that a lower abundance of I. scapularis might be correlated with lower use of fragments by deer. Augustine and Jordan (1998) reported that foraging by deer in fragments is reduced when there are nearby agricultural crops. Deer might also spend more time in the matrix in areas where there is less human disturbance (Hewison et al. 2001) . Thus, deer might spend more time foraging in small forest fragments in Dutchess County, New York, where the matrix might be dominated by residential areas, than they do in southwestern Ohio where there are abundant agricultural crops. Increased foraging by deer on forbs in small forest fragments in Dutchess County, New York, could result in a greater density of adult ticks dropping off deer and laying eggs relative to small fragments in southwestern Ohio.
Infestations of mice with I. scapularis could result in direct effects on P. leucopus population abundance. Increased mortality rates in populations of red-backed voles Clethrionomys rufocanus have been associated with Ixodes (Viitala et al. 1986 ). Infection by I. scapularis could also result in transmission of the spirochete B. burgdorferi, which has been documented to induce neurological damage in P. leucopus (Burgess et al. 1990 ). Thus, a lower prevalence of deer ticks might contribute to higher densities of mice in small, compared with large, fragments (Anderson et al. 2003) . Further studies are needed to investigate parasite and pathogen transmission and effects on morbidity and mortality in fragmented landscapes.
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